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7KLVSDSHU UHSUHVHQWV WKH VWDUWRI D FRPSOH[ UHVHDUFKRQZDWHUILVKKXPDQ UHODWLRQVKLSV DQG WKHLU LPSOLFDWLRQV IRU DQLPDODQG




3RVLWLYH DOORPHWULF JURZWK ZDV HVWLPDWHG IRU ERWK ILVK VSHFLHV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6RPH SK\VLFRFKHPLFDO SDUDPHWHUV S+ WRWDO GLVVROYHG VROLGV QLWULWH QLWUDWH SKRVSKDWH DPPRQLXP HOHFWULFDO FRQGXFWLYLW\
WRWDO KDUGQHVV ZHUH DFKLHYHG LQ RUGHU WR HYDOXDWH WKH LPSDFW RI DELRWLF KDELWDW FRQGLWLRQV RQ ILVK SRSXODWLRQ 7KH
PLFURELRORJLFDO DQDO\VHV RIZDWHU TXDOLW\ZHUH DOVR FRQVLGHUHG WR GHWHFW WKH VSHFLHV RIPLFURP\FHWHV WKDW FRXOG DIIHFW ERWK
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SURWHFW WKH FDSLWDO FLW\ IURP 'kPERYLĠD 5LYHU¶V IORRGV (QYLURQPHQWDO G\VIXQFWLRQDOLWLHV ZHUH QRWLFHG LQ WKH
DGMDFHQW DUHD RI WKH ODNH FKDQJHRIZDWHU TXDOLW\ DQG HXWURSKLFDWLRQEHLQJ DPRQJ WKH QHJDWLYH HIIHFWV RI D GDP
FRQVWUXFWLRQRQ WKH ODQGVFDSH 5LVWHD :DWHU VXSSO\ RI WKH0RULL/DNH GDP LV HQVXUHG E\ WKH'kPERYLĠD
5LYHUEHG WKH VHFRQGDU\ VRXUFHRISRZHU EHLQJ WKH$UJHú&KDQQHO WKURXJKZKLFK H[FHVVZDWHU LV GLUHFWHG IURP
5RúXWUHDWPHQWSODQWKWWSJUHHQO\URDSD
$WWUDFWLRQ IRU ILVKLQJ DFWLYLWLHVZDVQRWLFHGRQ0RULL/DNH DQG DGMDFHQW'kPERYLĠD5LYHU WKURXJKRXW WKH\HDU
&UHDQJă DQG 'XGD  5LVWHD  ZZZKDUWDSHVFDUUR ZZZSHVFXLWXOUR 5HFUHDWLRQDO ILVKHUPHQ FRXOG
FDWFKIURPWKHVHZDWHUVHGLEOHVSHFLHVOLNHFDUSELJKHDGFDUSJUDVVFDUSSHUFK]DQGHUSLNHEOHDNZHOVFDWILVKRU
HYHQWKHLQYDVLYHEURZQEXOOKHDGFDWILVKZZZSHVFDUKRLQDUFRP

















$V ZDWHU TXDOLW\ SUHVHQWV FRQVLGHUDEOH FRQFHUQ IRU HQYLURQPHQWDO SURWHFWLRQ LWV PRQLWRULQJ LV DQ LPSRUWDQW




KHDOWKLQHVV RI WKH HFRV\VWHP ,VD HW DO  5HJDUGLQJ WKH VXUIDFH ZDWHU TXDOLW\ LW LV NQRZQ WKDW FKHPLFDO
SK\VLFDO DQG ELRORJLFDO SROOXWLRQ KDYH VHULRXV HIIHFWV RQ ELRVSKHUH DIIHFWLQJ WKH DTXDWLF OLIH 1LFRODH 
$OWKRXJKPLFURP\FHWHVDUHYLWDOIRUWKHPDLQWHQDQFHRIHFRV\VWHPVDKLJKTXDQWLW\RIPRXOGVSRVHVDULVNWRZDWHU
TXDOLW\DQGDTXDWLFVSHFLHV6FăHĠHDQXHWDO0\FRWR[LQVUHOHDVHGE\PRXOGVUHSUHVHQWDVHULRXVWKUHDWWRILVK
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KHDOWK DQG ZHOOEHLQJ KWWSZZZIDRRUJ $PRQJ IXQJL JHQHUD LQYROYHG LQ ILVK GLVHDVHV DUH Aspergillus DQG
FusariumZKLFKFDQFDXVHQDWXUDOLQIHFWLRQVLQIUHVKZDWHUVSHFLHV5HIDLHWDO




EHVWRIRXUNQRZOHGJHQRZRUNKDVEHHQGRQHRQ WKHJURZWKRI ILVK LQKDELWLQJ WKHELJJHVW ODNH IURP%XFKDUHVW
KHQFH WKH SUHVHQW VWXG\ DLPHG WR  FRPSDUH OHQJWKZHLJKW UHODWLRQVKLS )XOWRQ¶V FRQGLWLRQ IDFWRU DQG JURZWK
SDWWHUQ IRU WZR DEXQGDQW ILVK VSHFLHV SHUFK DQG UXIIH VDPSOHG IURP WKH VDPH DTXDWLF HFRV\VWHP  GHWHFW WKH
ZDWHUTXDOLW\LQRUGHUWRVHHLIILVKVSHFLHVFDXJKWE\LQWKHDUHDFRXOGUHSUHVHQWDKHDOWK\VRXUFHRIIRRG
0DWHULDOVDQG0HWKRGV
2.1. Study area 
:LWKDVXUIDFHRIKDDQGPDYHUDJHGHSWK0RULL/DNHLVORFDWHGLQWKHWKVHFWRURIWKH%XFKDUHVWEHWZHHQ
3RO\WHFKQLF 8QLYHUVLW\ (DVW &UkQJDúL DQG *LXOHúWL GLVWULFWV 1RUWK 5RúX YLOODJH :HVW DQG 0LOLWDUL GLVWULFW
6RXWK5LVWHDHQZLNLSHGLDRUJ
,QWKH:HVWHUQSDUWRIWKHDUWLILFLDO0RULL/DNHFDQEHQRWLFHGWKHIOLPV\VWUHDPRIWKHIRUPHU'kPERYLĠD5LYHU
DQG DOVR VRPH QHLJKERULQJ ILVKLQJ SRQGV 5LVWHD  )URP WKLV VLGH 
1 
(  63
)LJXUH  ZKHUH DQWKURSRJHQLF HIIHFW RQ WKH HQYLURQPHQW LV REYLRXV ZDVWH ZDWHU GLVFKDUJH OLYHVWRFN ZHUH
FROOHFWHGZDWHUVDPSOHVIRUPLFURELRORJLFDODQDO\VLV
7KH UXIIH DQG SHUFK VSHFLPHQV DQG WKH UHVW RI ZDWHU VDPSOHV ZHUH WDNHQ IURP WKH IROORZLQJ SRLQWV

1 
( 63 )LJXUH  D DQG 
1 
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RIZHLJKWZLWK OHQJWKDQGFRHIILFLHQWb VORSHRI UHJUHVVLRQ OLQHRIIHUV LQIRUPDWLRQDERXW LVRPHWULFRUDOORPHWULF
JURZWKSDWWHUQ)URHVH7KHUHODWLRQVKLSVEHWZHHQWKHOHQJWKDQGWKHZHLJKWRIILVKLQHDFKVWXG\DUHDZHUH
FDOFXODWHGWKURXJKOLQHDUUHJUHVVLRQ/RJ7: /RJDE/RJ7/

















2.3. Water sampling 
6RPHSK\VLFRFKHPLFDOZDWHUTXDOLW\SDUDPHWHUVZHUHGHWHFWHGLQVDPSOHVIURPWKHPRXWKRI'kPERYLĠD5LYHU
LQ&KLDMQDFRPPXQH:DWHUVDPSOHVZHUHFROOHFWHGIURPWKHVDPHDUHDDQGDWWKHVDPHPRQWKZLWKILVKFROOHFWLRQ
1RYHPEHU'HFHPEHU:DWHU VDPSOHVZHUH WDNHQ DW DERXWFPEHORZ VXUIDFH OD\HU LQ VWHULOH UHFLSLHQWV
ERWKIRUFKHPLFDODQGPLFURELRORJLFDOVXUYH\V7KHEDFWHULDODQDO\VLVZDVGRQHZLWKLQKRXUVDIWHUFROOHFWLRQ)RU
FKHPLFDODQDO\VHV WKHVDPSOHVZHUHVXEVHTXHQWO\VWRUHGDW&IRUDVVKRUWD WLPHDVSRVVLEOHEHIRUHDQDO\VLV WR
PLQLPL]HSK\VLFDODQGFKHPLFDOFKDQJHV7KHVHDQDO\VHVZHUHFRQGXFWHGZLWKLQKRXUVRIFROOHFWLRQ$OOVDPSOHV
ZHUHDOORZHGWRVWD\XQWLOWKH\UHDFKHGURRPWHPSHUDWXUHEHIRUHDQDO\VLV6WDYUHVFX%HGLYDQHWDO
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$OODQDO\VHVZHUHSHUIRUPHGLQWULSOLFDWHDQGWKHUHSRUWHGYDOXHVUHSUHVHQWWKHPHDQRIUHVXOWV
2.5. Microbiological analysis 
:DWHU VDPSOHV ZHUH LQRFXODWHG RQ 3'$ 3RWDWR'H[WURVH$JDU JURZWK PHGLXP VWHULOL]HG DW & DQG 
DWPRVSKHUHV GXULQJ PLQXWHV )RU HDFK VDPSOH P/ RI VXVSHQVLRQZDV WDNHQ SODFHG GLUHFWO\ RQ WKH JURZWK
PHGLXPLQ3HWULGLVKHVRIPPGLDPHWHU$OO VDPSOHVZHUH WKHQ LQFXEDWHG LQ WKHGDUNIRUGD\VDW&
0DQROH DQG &LRFRLX  ,GHQWLILFDWLRQ RI WKH PLFURP\FHWHV ZDV PDGH ZLWK D .UVV2SWURQLF PLFURVFRSH
&LRFRLXHWDO+XOHDDQG,OLHVFX
5HVXOWVDQG'LVFXVVLRQV
3.1. Fish growth characteristics 
.QRZLQJ ELRORJLFDO LQIRUPDWLRQ DERXW JURZWK UHIOHFWV WKH JHQHUDO ZHOOEHLQJ DQG ILVK DGDSWDWLRQ WR WKH
HQYLURQPHQW
Gymnocephaluscernua DQG Percafluviatilis DUH QDWLYH IRU 5RPDQLDQ IDXQD
KWWSILVKPRQJDED\FRPGDWD5RPDQLDKWP 7KH ELRPHWULF GDWD IRU Percafluviatlis VDPSOHG IURP 'kPERYLĠD
5LYHU0RULL/DNHDUHDZHUHUHJLVWHUHGDV7/PLQ±PD[FPZLWKDPHDQRIFPDQG7:PLQ
±PD[JZLWKDYHUDJHRIJ7KHOLQHDUUHJUHVVLRQRIWKHORJWUDQVIRUPHGYDOXHVZDVFDOFXODWHGDV/RJ
7:   / /RJ 7/ ±  U    &/ RI WKH SDUDPHWHUV a DQGb WKH FRUUHVSRQGLQJ QRQOLQHDU
HTXDWLRQZDVFDOFXODWHGDV7: [7/*URZWK W\SH IRU(XURSHDQSHUFKZDVGHWHUPLQHGDVSRVLWLYH
DOORPHWULFE!)XOWRQ¶VFRQGLWLRQIDFWRU.KDVDYDOXHRIPLQPD[








































































6LPLODU WRRXUUHVXOWV WKHPHDQ WRWDO OHQJWKIRU UXIIHFRPPXQLW\IURPD/LWKXDQLDQ ODNHZDVFP

















7KH YDOXHV RI ZDWHU TXDOLW\ SDUDPHWHUV RU WKH HIIHFW RI LQFUHDVHG ILVKLQJ SUHVVXUH FRXOG EH UHVSRQVLEOH IRU
GLIIHUHQFHV LQFRQGLWLRQ IDFWRU IRU WKHVDPHVSHFLHV LQYDULRXVKDELWDWV .KDOODIHWDO6DFKLGDQDQGDPXUWK\
DQG<DMXUYHGL1HKHPLDHWDO.RPVDULHWDO
$OVR LQ 0RULL /DNH SHUFK VHHPV WR KROG D EHWWHU SRSXODWLRQ WKDQ UXIIH LQ WHUPV RI GLVWULEXWLRQ RI OHQJWK
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3.2. Water quality 
3K\VLFRFKHPLFDO SDUDPHWHUV IRUZDWHU VDPSOHV FROOHFWHG IURP0RULL /DNH DUH SUHVHQWHG LQ WDEOH $OVR IRU
FRPSDULVRQLQWDEOHDUHSUHVHQWHGWKHSDUDPHWHUVDQGTXDOLW\FODVVHVDFFRUGLQJWR2UGHU7KHREWDLQHG
YDOXHV DIWHUZDWHU FKHPLFDO DQDO\VHV LQGLFDWHG WKDW FRQGXFWLYLW\ 6FP DQG S+ YDOXHV SUHVHQW YHU\ VLJQLILFDQW






63 63 63 63 63
S+     
&RQGXFWLYLW\μ6FP     
7RWDOGLVVROYHGVROLGV7'6PJ/     
7RWDOKDUGQHVVPJ&D&2/     
&2'PJ2/     
11+PJ1/     
112PJ1/     
112PJ1/     
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S+ 
&2'PJ2/     !
11+PJ1/     !
112PJ1/     !
112PJ1/     !
332PJ3/     !
7RWDOGLVVROYHGVROLGV
7'6PJ/
    !













7KH WRWDO GLVVROYHG VROLGV IOXFWXDWHG EHWZHHQ  DQG  PJ/ ,W KDV EHHQ GRFXPHQWHG WKDW 7'6 YDU\ LQ
GLIIHUHQWZDWHUVGHSHQGLQJXSRQWKHVHDVRQORFDWLRQRURWKHUIDFWRUV'DVWDJLUHWDO
7RWDO KDUGQHVV DV&D&2RIZDWHU IRU ILVK FXOWXUH LW LV GHVLUDEOH WREH IRXQG LQ WKH UDQJHPJ/ EXW
YDOXHVJUHDWHUWKDQPJ/DUHFRQVLGHUHGWREHDFFHSWDEOH6WRQHHWDO)RU6363VDPSOLQJSRLQWVWKH








7KH KLJKHVW QLWULWH QLWURJHQ FRQWHQWZDV IRXQG IRU 63 PJ/+LJK OHYHOV RI QLWULWH QLWURJHQ LQZDWHU
FRXOG FDXVH K\SR[LD GXH WR PHWKHPRJORELQ IRUPDWLRQ LQ ILVK EORRG WKLV PDQLIHVWDWLRQ EHLQJ NQRZQ DV EURZQ
EORRGGLVHDVH 'XUERURZHWDO$Q\ZD\SUREOHPVJHQHUDWHGE\QLWULWHDUH W\SLFDOO\ IRUFORVHG LQWHQVLYH
FXOWXUHV\VWHPV$ODWRUUH-DFRPHHWDO
$OO VDPSOHGSRLQWVZHUH IRXQG IUHH LQSKRVSKDWHFRQFHQWUDWLRQZKLFKPLJKW VXJJHVW WKDWZDWHU LV VXLWDEOH IRU
RSWLPDOJURZWKRIWKHILVK)URPWKLVSRLQWRIYLHZWKHZDWHUVDPSOHVFROOHFWHGIURP0RULL/DNHLQWKHFROGVHDVRQ
RIDUHVLPLODUZLWKWKRVHVDPSOHGLQWKHZDUPVHDVRQRI6FăHĠHDQXHWDO




Saccharomyces \HDVW VWUDLQV 7DEOH  )LJXUH  ,Q D SUHYLRXV VWXG\ 6FăHĠHDQX HW DO  \HDVW IXQJXV











AspergillusVSS PenicilliumVSS FusariumVSS AlternariaVSS \HDVWV
      
      
      
      
      









































XQILW IRU KXPDQ FRQVXPSWLRQ *KDZDUH DQG -DGKDR  ,Q DGGLWLRQ LW KDV EHHQ UHSRUWHG WKDW IXQJDO




WKH ZDWHUV RI ODNHV DQG ULYHUV DUH LQJHVWLQJ E\ GLUHFWO\ VZDOORZLQJ RI FRQWDPLQDWHG ZDWHU DQG LQKDODWLRQ RI
P\FHOLXP K\SKDH IUDJPHQWV FDUULHG E\ DHURVROV IRUPHG DURXQG WKH ZDWHU UHVRXUFH 7KH
PLFURP\FHWHVAspergillusVSS FDQ SURGXFH VXSHUILFLDO DQG VXEFXWDQHRXV P\FRVHV VXFK DV LQIHFWLRQV RI WKH VNLQ
QDLOV KDLU DQG PXFRXV PHPEUDQHV DQG LQGLJHVWLRQ FDXVHG E\ VZDOORZLQJ FRQWDPLQDWHG ZDWHU RWLWLV PHGLD RU
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)URPWKHVHZDJHV\VWHPVORFDWHGLQWKH1RUWKRI'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNH63IXQJDOVWUDLQV
RICladosporiumAspergillusDQGPenicilliumZHUHLVRODWHG)LJXUHD7KLVPLFURELRORJLFDOUHVXOWLVLPSRUWDQW
EHFDXVH LW KDV EHHQ VWLSXODWHG WKDW UHVSRQVLEOH IRUZDWHU SROOXWLRQ DUH WKHZDVWHZDWHUV RI VHWWOHPHQWV DURXQG WKH
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